INTRODUCTION
Cancer is the leading cause of death with most deaths related to bone metastasis 2, 8) . Bone metastases cause pain, pathological fractures, compression of the spinal cord, and life-threatening imbalances in minerals including hypercalcemia 12) . Because of the devastating effects of metastases, attention has shifted from the pathogenesis of primary tumors to the less-understood process of metastasis 2) . The metastatic process of primary tumors involves several sequential steps : dissemination, survival in transit, bone migration and engagement, metastasis formation by disseminated tumor cells, and establishment of distant macrometastases 2, 10, 17) . The emergence of primary cancer involves cancer stem cells and genetic or epigenetic alterations 5, 8) . By acquir-
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inating from epithelial cells such as breast and prostate cancers 4, 20, 21) . However, the expression of integrins in human metastatic spine cancer has not been reported. The present study was designed to investigate the upregulation of vimentin in metastatic specimens and the potential clinical implications of integrins αv, β1, and β3 expression in human metastatic spine tumors of different primary cancer origin using immunohistochemistry and real-time reverse transcription-polymerase chain reaction (qRT-PCR).
MATERIALS AND METHODS

Patient selection
Thirteen human spinal metastatic specimens obtained from 13 consecutive patients with spine metastasis and 1 degenerative bone specimen of 1 patient with degenerative spine disease were selected from a tissue bank in our neurosurgical department. All human tissues were obtained from patients who signed a consent form allowing the collection of their tissues obtained during spine surgery in liquid nitrogen and subsequent research use. The Institutional Review Board in our hospital approved the tissue banking of specimens and their use in the present study (H1111-050-386).
The primary cancers represented by the 13 specimens were colon cancer (n=3), hepatocellular cancer (n=3), lung cancer (n=4), and breast cancer (n=3) ( Table 1) .
A non-metastatic bone tissue sample was obtained from the lamina of 1 patient with degenerative spine disease. Because of the limited number of trabecular tissue of degenerative bone available in the tissue bank, only 1 specimen obtained in degenerative spine was used as control. Metastatic tissue samples were obtained from the spine metastasis area during decompressive spine surgery.
Immunohistochemistry staining
Vimentin expression was assessed in the metastatic specimens in order to evaluate the malignant characteristics related to EMT. Among the adhesive molecules of the integrin family, integrin αv, β1, and β3 were selected based on the results of previous studies 13, 21) . Because the control tissue was trabecular bone and metastasis tissue was obtained from soft areas in spinal metastasis area, all specimens were not decalcified. Tissue specimens (trabecular bone and metastasis tissue) were stored in liquid nitrogen immediately after harvesting. Frozen tissue slides were prepared by cutting 10 um sections with a cryo-microtome (LEICA CM1850, Leica Biosystems, Nussloch, Germany) and mounting on slides. The slides were air dried for 30 min, fixed in cold acetone at room temperature for 5 min, removed from the acetone, and air dried again. The slides were rinsed for 5 min in tap water, incubated for 30 min in 0.3% H2O2 and 2% Triton X-100, washed in phosphate-buffered saline (PBS), incubated for 20 min in normal blocking serum, and then incubated with diluted primary antibody overnight in a cold room. The following antibodies and dilutions were used : anti-vimentin antibody (1 : 100, mouse monoclonal, Abcam, Cambrideg, UK); anti-integrin β3 antibody (1 : 100, mouse monoclonal, Novus Biologicals); anti-integrin αv antibody (1 : 500, rabbit polyclonal, Abcam); and anti-integrin β1 antibody (1 : 250, rabbit monoclonal, Abcam, Cambridge, UK). After incubation in the primary antibody, the slides were washed in PBS and incubated for 30 min with the secondary antibody (Vector, CA, USA). Vector Immpress Reagent kit anti-mouse IgG (MP7402) and anti-rabbit IgG (MP7401) were used as the secondary antibodies. The slides were washed in PBS, the tissue sections were stained for visualization with diaminobenzidine (Vector, USA), and coverslips were mounted with HistoChoice Mounting Media (Amresco, OH, USA).
Analysis of gene expression by real-time RT-PCR
The comparative expression of vimentin and integrins αv, β1, and β3 between metastatic and degenerative specimens were assessed by immunohistochemistry and qRT-PCR. The PCR primer and probe sets for vimentin, glyceraldehyde-3-phosphate dehydrogenase (GAPDH), and integrins αv, β1, and β3 were obtained from Life technologies (Applied Biosystems, Life Technologies, Carlsbad, CA, USA). Trabecular bone and metastasis tissue were stored in liquid nitrogen until RNA extraction. All specimens were treated alike. RNA was extracted from the metastatic and degenerative bone specimens with the QIA-GEN RNeasy mini kit (Qiagen, LA, USA). For cDNA synthesis, 1 μg of RNA was reverse transcribed using random hexamer primers (Invitrogen, Life Technologies, CA, USA) and Impron II reverse transcriptase (Invitrogen, Life Technologies, CA, USA). The samples were analyzed using an Applied Biosystems SDS 7500 system with a master mix containing 6.25 μL water, 1.25 μL probe (2.5 M), and 12.5 μL TaqMan PCR 2× Master Mix. Fifty nanograms of reverse-transcribed total RNA in 5 μL was added as the PCR template in 96-well optical plates, and the results were analyzed on the Prism 7500 Sequence Detection System (PerkinElmer Applied Biosystems, Lincoln, CA, USA). The following PCR conditions were used. After initial activation of uracil-N-glycosylase at 50°C for 2 min, AmpliTaq Gold was activated at 95°C for 10 min. This was followed by 45 cycles of denaturation at 95°C for 15 s and annealing, and extension at 60°C for 1 min per cycle. The expression levels of the target genes were normalized to the internal control human GAPDH (FAM/MGB Probe, Primer Limited, Life Technologies, CA, USA), and fold changes were expressed relative to the data obtained at day 1.
Statistical analysis
The results were presented as mean±standard deviation. To identify significant differences between groups in mRNA expression of vimentin, integrin αv, β1, and β3, one-way analysis of variance and post hoc analysis were used. A p-value<0.05 was considered significant.
RESULTS
Demographic data of enrolled patients
The mean age of enrolled patients was 51.9±11.28 years. The ratio of male and female was 6 : 7. Five patients had extraspinal bone metastasis including pelvis and femur. Eleven patients underwent adjuvant radiotherapy or radiosurgery (Table 1) .
Immunohistochemistry (Fig. 1) Vimentin protein expression was used as a representative mesenchymal marker. Vimentin stained intensely in all samples obtained from metastatic spine tumors (Fig. 1B, C, D) . Vimentin staining appeared predominantly in spindle cells and focally in epithelioid cells. Integrins are usually localized at the cell membrane of epithelial cells. Tumor cells expressed integrin αv in all cases (Fig. 1F, G, H) . The integrin αv showed mostly cell membrane expression in epitheloid cells of all tumor tissue. However, integrin β1 expression was present weakly only in 38.4% (5/13) tissues (Fig. 1J , K, L); and integrin β3 was consistently negative in all cases examined (Fig. 1N, O, P) .
Analysis of gene expression by real-time RT-PCR
Vimentin gene expression was used as a representative EMT marker. Vimentin gene expression was higher in all metastatic specimens than in degenerative bone ( Table 2, Fig. 2 ). The mean value of vimentin expression in metastatic specimens was 5418±8814. This result suggested that all metastatic specimens exhibited mesenchymal characteristics and would therefore be good candidates for comparative evaluation of integrin expression in degenerative bone. The mean values for integrins αv, β1, and β3 were 13±12.4, 3311±3952.4, and 5.0±6.0, respectively. All metastatic specimens had higher expression levels of integrins αv and β1, as compared with those of degenerative bone. Moreover, expression levels of integrin αv obtained from patients with breast carcinoma were significantly higher than others (p= 0.045) (Fig. 3) . However, the expression of integrin β3 was variable. Although the expression of integrin β3 was higher in metastatic specimens obtained from breast and colon carcinomas than those from degenerative bone, the differences between metastatic specimens and degenerative bone were less prominent, as compared with integrin αv and β1. The values were lower in other specimens from hepatocellular and lung carcinoma than degenerative bone (Table 2) . However, because the comparison of integrin expression between degenerative bone and tumor tissues was relative to 1 sample of degenerative bone tissue, statistical analysis was not significant. The qRT-PCR results of vimentin, integrin αv, β1, and β3 expression in control and tumor specimens were representative of 1 of 3 independent experiments.
DISCUSSION
Thirteen human specimens were obtained from metastatic spine tumors, whose primary cancer was colon cancer, hepatocellular cancer, lung cancer, and breast cancer. The enrolled patients underwent adjuvant radiotherapy or chemotherapy. The present immunohistochemistry and qRT-PCR data showed that the expression of vimentin and integrin αv and β1 was higher in metastatic spine specimens, as compared with degenerative bone tissue.
Most malignant tumors are epithelial in origin, and malignant tumors are highly osteotropic 22) . Acquisition of an invasive mesenchymal phenotype is necessary for metastasis of a malignant tumor through the destruction of the epithelial side 18, 22) . Acquisition of EMT properties causes the polarized epithelial cells to become invasive migratory mesenchymal cells 19, 22) . Many EMT biomarkers, such as vimentin, N-cadherin, Snail1, FOXC2, and Twist, have been reported 22, 24) . Among these biomarkers, the intermediate filament protein vimentin is regarded as a requisite regulator of EMT induction and migration of malignant tumor cells 7, 24) . Elevated expression of vimentin is regarded as a poor prognostic factor in breast cancer 25) . Therefore, an increase in the expression of vimentin may reflect the capacity for bone metastasis of malignant tumors. In the present study, vimentin expression level was higher in all metastatic specimens, as compared to degenerative bone suggestive of EMT in the tumor samples. The results of the present study indicated that the vimentin is an important biomarker of malignant tumor bone metastasis.
Integrins are a family of transmembrane glycoproteins that facilitate cell-to-cell and cell-to-extracelluar matrix adhesion and cell migration 11, 13) . Integrins mediate inside-out and outside-in signaling, and may trigger the integrin-mediated cell-signaling cascade in metastasis 11) . Malignant transformation, invasion, and metastasis to distant organs including the skeletal system, require the activity of many adhesive proteins including integrin family members. Metastatic tumor cells show differences in integrin activation, as compared with non metastatic tumor cells 1, 3, 16, 26) . Among the 24 integrins identified, integrins such as αvβ3, the β1 family, and β3 have been implicated in the processes involved in tumor metastasis, such as angiogenesis, adhesion, and progression 13) . The qRT-PCR results showed that the expression of integrins β1 and αv was higher in metastatic specimens than non metastatic tissue such as the degenerative bone specimen. Integrin αvβ3 is expressed in osteoclast cells and the selective inhibitor of integrin αvβ3 was shown to decrease bone resorption in an animal model 27) . The αvβ3 integrin is an adhesion receptor expressed by breast cancer cells and osteoclasts 16, 27) . The present study showed that the expression of the integrin αv in specimens of breast carcinoma increased significantly, as compared to others. Integrin β3 may be associated with angiogenesis during tumor progression and cancer invasion 13, 15) . In the present study, the expression of integrin β3 was elevated only slightly in metastatic specimens, such as those of hepatocellular carcinoma and breast cancer, as compared with degenerative bone. This suggested that in breast carcinoma, integrin αv and β3 expression but not integrin β1, may be related with tumor induced-osteolysis and angiogenesis. Therefore, integrin αv and β3 are potential therapeutic targets for prevention of spine metastasis of malignant tumor including breast carcinoma. In the present study, the immunochemical expression of integrins β1 and β3 was weak and absent, respectively. The discrepant results between qRT-PCR and immunohistochemistry might be due to freezing of the tumor samples. Immunohistochemical results obtained from frozen tissue possibly do not reflect integrin expression accurately.
Limitations of study
There were several limitations of the present study. First, although the bone specimens were obtained from humans, the number of specimens was small and variable types of malignant tumors were included. Therefore, the evidence may be weak in Integrin αv mRNA in all metastatic specimens were expressed relative to value 1 of the degenerative bone. However, this figure shows the logarithmic scale of the mRNA expression levels of integrin αv in degenerative bone and all metastatic specimens. Therefore, the value of mRNA in all metastatic specimens expressed relative value 0 of the degenerative bone in this figure. The mean values integrin αv in breast specimens were significantly higher than those of others (p=0.045). *p<0.05. CT : control and degenerative bone, qRT-PCR : real-time reverse transcription-polymerase chain reaction. terms of providing insights into the relationships between integrins αv, β1, and β3 and the spine metastasis of malignant tumors, and any therapeutic potential of monitoring the expression of integrins. The present study measured only the expression of integrins αv, β1, and β3 using immunohistochemistry and qRT-PCR, which may not reflect the entire intracellular pathway related to integrins. Future studies of malignant tumors from more patients are needed to identify the pathological mechanisms and the relationships between integrins and malignancy. The present study also compared integrin expression between metastasized bone tissue and nonmetastatic bone tissue but not that of the primary tumor specimen. Future studies are required to compare integrin expression between malignant tumor and nonmalignant specimens, and between metastasized bone specimens and primary tumor tissues. However, because no studies have evaluated integrin expression in metastatic spine specimens, despite the limitations, the results of the present study provide meaningful information about the potential clinical implications of integrin β1 and αv for spine metastasis.
CONCLUSION
Vimentin expression a biomarker of EMT was highest in specimens obtained from spinal metastatic tumors. The higher expression of the integrins αν and β1 in metastatic specimens suggested that the integrins may be a potential target for the treatment of spine metastases from malignant tumors.
